Salinity of the growth medium was found to have a marked effect on the maximal growth temperature of four bacteria isolated from marine sources. Vibrio marinus MP-1 had a maximal growth temperature of 21.2 C at a salinity of 35%0 and a maximal growth temperature of 10.5 C at a salinity of 7%0, the lowest salinity at which it would grow. This effect was shown to be due to the presence of various cations in the medium. The order of effectiveness of cations in restoring the normal maximal growth temperature, when added to dilute seawater, was Na+ > Li+ > Mg++ > K+ > Rb+ > NH4+. The anions tested, with the exception of S04=, had no marked effect on the maximal growth temperature response. In a completely defined medium, the highest maximal growth temperature was 20.0 C at 0.40 M NaCl. A decrease in the maximal growth temperature was observed at both low and high concentrations of NaCl.
Generally, the growth temperature range of a bacterial culture is considered to be an important characteristic of its taxonomy. Several investigators have demonstrated that an increase in temperature increases the nutritional demands of certain organisms (7) . Goldman, Diebel, and Niven (6), working with lactic acid bacteria, were able to modify the maximal and optimal growth temperatures by changing the concentration of NaCl in the growth medium. Other salts were also shown to raise the maximal growth temperature -of certain gram-negative bacteria isolated from vegetables (8) .
Salinity, an oceanographic term, is defined as the total amount of solid material in grams contained in 1 kg of seawater when all the carbonate has been converted to oxide, the bromine and iodine replaced by chlorine, and all organic matter completely oxidized. Normal seawater has a salinity of 35%&. Although 
MATERIALS AND METHODS
Organisms. The obligately psychrophilic marine bacterium, Vibrio marinus MP-1 (ATCC 15381) (3, 10) , was used for most of these studies. V. marinus PS-207 (ATCC 15382) (3), D30-1OWBD/3 (an unidentified gram-positive coccus), and 20-PFD/2 (an unidentified gram-negative bacillus) were also used in this study. The latter two organisms were isolated from the Antarctic (S. 0. Stanley, Ph.D. Thesis, Newcastle Univ., England, 1966).
Culture medium. Stock cultures and daily transfers were grown at 10 C, with shaking, in a medium composed of polypeptone (Difco), 2.5 g; K2HPO4, 1.0 g; KH2PO4, 0.2 g; MgSO4-7H20, 0.1 g; NaCl, 23.4 g; vitamin solution, 10 ml; trace elements, 10 ml; and distilled water to a total volume of 1,000 ml. The pH was adjusted to 7.5 with KOH. The vitamin solution contained nicotinamide, 400 mg; thiamine, 100 mg; pyridoxine HCI, 100 mg; calcium-D-pantothenate, 100 mg; riboflavine, 25 mg; biotin, 1 mg; and water to a total volume of 1,000 ml. The trace element solution, prepared with reagent-grade chemicals, was composed of CaCl2-2H20, 200 mg; FeCl3a6H20, 100 mg; KBr, 100 mg; KI, 10 mg; MnCI2-4H20, 100 mg; SrCi2, 100 mg; H3BO3, 100 mg; CoCl2-6H20, 100 mg; and distilled water to a total volume of 100 ml. All references to seawater refer to artificial seawater (ASW) prepared from Rila Marine Mix (Rila Products Co., Teaneck, N.J.).
The medium was dispensed in 6-ml portions into 18 X 150 mm culture tubes or in 100-ml portions into 500-ml flasks.
Growth studies. A polythermostat similar to that described by Oppenheimer and Dorst-Hansen (11) was used in these studies. Culture medium was allowed to Further studies were undertaken, by use of V. marinus MP-1, to find out the nature of the temperature-salinity response. To determine whether these results were due to an osmotic effect or to certain specific salt(s), other salts (with chlorides as the anion and at a concentration of 0.4 M) were added to dilute seawater (salinity 1.8%0). These salts were also added to dilute seawater (salinity 24.5%,)) to determine whether any of them inhibited growth at the concentrations used ( Table 1 ). The addition of NaCI or LiCl to a medium with a salinity of 1.8%0 permitted growth to take place over the temperature range expected in normal seawater. When MgCl2 was added to the medium, the maximal growth temperature was depressed to 17.5 C; with KCI, the maximal growth temperature was depressed to 16.3 C. No growth was obtained when either RbCl or NH4C1 was added to the medium. By increasing the salinity of the basal medium, it was possible to obtain growth with RbCl or NH4Cl, as well as to raise the maximal temperature given by KCl and MgCl2.
When the above-mentioned salts were individually added to a basal medium containing known small amounts of essential salts, LiCI was still able to substitute for NaCl (Table 2) . It was not possible to obtain growth with the other salts except for very slight growth with MgC92. In a completely defined medium with glucose as the energy source, LiCl could not completely replace the NaCl requirement.
The data from these experiments suggested that the cation level may be involved in the reduction If the anions were not involved in the reaction, then the maximal growth temperature would be close to 10.5 C with all the anions, unless there was some inhibition. With one exception, SO4= , this was found to be true (Table 3) . No growth was obtained with 0.2 M Na2SO4. However, it is possible that the S04= ion was inhibitory, since at 0.4 M Na2SO4 the maximal growth temperature was still depressed.
When added to dilute seawater (salinity 1.8%0), NaCl was the most effective salt in raising the maximal growth temperature. Accordingly, the 7.4. effect of different concentrations of NaCl on the maximal growth temperature in a chemically defined medium was studied (Fig. 2) . The lowest concentration of NaCl at which growth took place in this medium was 0.15 M. At this concentration, the maximal growth temperature was 11.5 C. The maximal growth temperature, thereafter, increased with increasing concentration of NaCl to reach a maximum of 20.0 C between 0.35 and 0.60 M. Above this concentration, there was a reduction of the maximal growth temperature. DIscussIoN The maximal growth temperatue of V. marinus MP-1 was found to be dependent on the salinity of the growth medium. This reaction was not specific for V. marinus and occurred in three other bacterial species isolated from marine sources. These species differed in morphology as well as in their salt and temperature requirements for growth. One of the bacteria grew in the absence of seawater but its maximal growth temperature was raised by increasing the salinity of the growth medium. Salinity, therefore, plays an important role in governing the temperature at which these bacteria will grow. If a similar response were found among other marine bacteria, then there would be an important ecological parameter for growth in certain types of marine environments. In addition, some species would be able to grow in areas of low salinity providing the temperature was low. Such situations may exist in estuaries, and hence any factor which alters the normal salinity-temperature regime of the water would affect the balance of the bacterial populations. The nature of the salts involved in the temperature-salinity response was studied with V. marinus MP-1. No evidence was found to indicate that this was an osmotic effect. A direct relationship between the maximal growth temperature and the concentration of NaCl in the growth medium was found. Various salts were found to substitute for NaCl. LiCl was the most effective of these, and only trace amounts of NaCl were required for this ion to reproduce the results obtained with NaCl. Since NaCl was found to be essential for growth, it is likely that the ability of different salts to allow growth up to the normal maximal temperature (21.2 C) depends on the concentration of NaCl in the medium. The concentration of NaCl required was different for the various salts, and, at a fixed concentration of NaCl, the order of effectiveness of the salts tested in restoring the normal maximal growth temperature was NaCl > LiCl > MgCk2 > KCl > RbCl > NH4Cl. It has also been shown that the temperature-salinity response is due to the cation and that anions tested, with the exception of S04, were not involved.
Many physiological processes of marine bacteria are Na+-dependent. The Na+ requirement of certain marine bacteria has been demonstrated by MacLeod and his associates (9) . Payne (12) demonstrated the Na+ requirement of a glucuronate-oxidizing marine pseudomonad, whereas Pratt and Austin (13) found that a variety of salts and sucrose did not reduce the requirement of a marine vibrio for Na+. Transport of amino acids was found to be Na+-dependent (4), as was the maintenance of the intracellular solute concentrations in marine bacteria (5) . Penetration of substrates into spheroplasts of a marine pseudomonad was found to be influenced by Na+ and K+ (14) , and multivalent cations were found to be important in the organization, structure, and assembly of the cell wall of Pseudomonas aeruginosa (2) . In Halobacterium cutirubrum, NaCl was found to play a unique role in maintaining the integrity of the cell. At NaCl concentrations lower than 3.5 M, the cells began to lose their rod-shape form (1). However, none of the results obtained by the above investigators seem to elucidate our interpretation of the data presented in this paper.
Ljunger (8) ascribed the thermal resistance of coliforms to the stabilization of proteins by added NaCl. This may be one of the reasons why NaCl can raise the maximal growth temperature, while still higher concentrations of this salt may then create osmotic pressures which are too high for the organism (Fig. 2) . In other words, when the concentration of sodium chloride is too low, stabilization of the intracellular proteins is decreased. Since the threshold amount of Na+ was met in our experiments, then Li+ has the ability to replace the Na+. However, this does not explain the action of K+, Rb+, NH+, and Mg+, nor does it explain the effects of the S04= anion.
